IMPORTANCE Endocrine therapy-induced alopecia (EIA) has been anecdotally reported but not systematically described.
B reast cancer is the most common malignant neoplasm among women in the United States, with approximately 250 000 new cases diagnosed in 2016. 1 Despite the high numbers, the survival of patients with early breast cancer (stages I, IIA, IIB, and IIIA) is greater than 80%. Cytotoxic chemotherapy and endocrine therapy (ET) have been the cornerstone in the management of breast cancer. Endocrine therapy, including aromatase inhibitors and selective estrogen receptor modulators, have shown benefits in the adjuvant and therapeutic setting for premenopausal or postmenopausal women with early-stage or advanced breast cancer. 2, 3 Despite their benefit, ETs are known to have substantial adverse events (AEs) such as hot flashes, mood disorders, osteopenia, and arthralgias. 4 Among 236 patients treated with aromatase inhibitors, 8% discontinued treatment owing to alopecia. 5 An alopecia meta-analysis of 13 415 patients in 35 clinical trials revealed an overall incidence of alopecia of 4.4%, with the highest incidence in tamoxifen-treated patients (25.4%). 6 Additionally, in a survey-based study including a total of 851 female patients with breast cancer receiving aromatase inhibitors, 34% reported hair loss or hair thinning during their last month of therapy, and these hair changes were independent of previous chemotherapy and age. 7 To our knowledge, the clinical characteristics, impact on quality of life (QoL), and response to dermatologic therapy of the ET-induced alopecia (EIA) have not been systematically described. This study aims to characterize EIA in patients with breast cancer.
Methods

Patients
Patients referred to the oncodermatology clinic at Memorial Sloan Kettering Cancer Center for EIA between January 1, 2009, and December 31, 2016, were retrospectively identified using a hospital wide medical record search and a medical imaging software archive (Mirror; Canfield Scientific). Relevant data were abstracted from each patient's electronic medical record including demographics, primary cancer diagnosis, attributed ET, and therapy received to treat the alopecia. Female patients who received ET for breast cancer with a diagnosis of alopecia attributed to their current therapy were included. Those who either previously received cytotoxic chemotherapy or had a previous diagnosis of alopecia or any scalp condition were excluded from the study. This study was approved by the Memorial Sloan Kettering Cancer Center institutional review board. Written informed consent was obtained from each participant who answered the Hairdex Questionnaire. For the clinical assessment, consent was waived by the Memorial Sloan Kettering Cancer Center institutional review board. All data were deidentified.
Alopecia Grading and Pattern
Standardized clinical photographs of vertex, frontal, and lateral views of the scalp with hair parted and combed in the center were examined. Clinical photographs of each patient were evaluated to obtain an alopecia score using the Common Terminology Criteria for Adverse Events, version 4.0, 8 and the basic and specific classification system, 9 which is based on observed patterns of alopecia including the predominance on the frontoparietal hairline (basic type C, M, or U), and on the crown and vertex areas (specific type F or V).
Trichometric Measurements
Hair Density and Diameter, and Trichoscopy Features Trichoscopy images were obtained using the Folliscope 2.8 (LeadM Corp), a camera-based trichoscope that through an interface trichoscope uses a magnification lens of ×50. All the trichoscopy images were obtained mid-scalp in a standardized manner (12 cm from the interciliary space). The total hair shaft count was determined in each trichoscopy image, and the measurement of hair density per square centimeter was obtained. Hair shaft diameter was measured at ×50 magnification, in direct proximity to follicular ostia. Hairs were further classified as vellus hairs (≤30 μm), intermediate (31-50 μm), or terminal hairs (>50 μm). The trichoscopic features were assessed by a dermatologist (A.F.M.).
Impact on QoL
Data from the Hairdex Questionnaire were used to assess the impact of the alopecia on their QoL. The self-administered modifiedHairdex Questionnaire includes 48 items and was adapted and translated from the validated German Hairdex, 10 which is an alopecia-specific QoL tool (eAppendix in the Supplement). This tool was used in the oncodermatology clinic at the Memorial Sloan Kettering Cancer Center. Each question is categorized to 1 of 5 domains to assess different aspects of QoL. These domains include emotions, functioning, symptoms, stigmatization, and self-confidence. Patients responded to each question on a scale from 0 to 4 (higher score indicates lower QoL). Domain scores and total scores were then linearly transformed to represent a 0 to 100 point scale, on which 0 is the lowest possible score and 100 is the maximum possible score.
Response to Therapy
Efficacy of topical minoxidil 5%, was measured at 3 or 6 months by a single-blinded investigator (A.F.M.), through standardized clinical photographs of the scalp obtained at baseline and 3 or 6 months. Clinical response to therapy was assessed using the following 3-point scale: 0 indicates no improvement; 1, moderate improvement; and 2, significant improvement.
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Key Points
Question What are the clinical features, impact on quality of life, and response to minoxidil of endocrine therapy-induced alopecia in patients with breast cancer?
Findings In this cohort study of 112 patients, a pattern alopecia similar to androgenetic-type was confirmed by standardized clinical and trichoscopy images, and a significant negative emotional impact was reported by patients, despite most cases being mild. Alopecia improvement was observed in 37 patients (80%) with topical minoxidil.
Meaning Patients with breast cancer developing alopecia from endocrine therapies may benefit from minoxidil.
Statistical Analysis
Descriptive statistics and graphical methods were used to describe the study participants, the degree of alopecia at baseline and follow-up, and the responses to the Hairdex QoL Questionnaire. A 2-sided P value <.05 was considered statistically significant. Analysis was performed with Microsoft Excel and Stata version 14.2 (StataCorp).
Results
A total of 112 female patients with breast cancer were included (median [range] age, 60 [34-90] years). Alopecia was attributed to aromatase inhibitors (anastrozole, letrozole, leuprolide with letrozole, and exemestane) in 75 patients (67%) and tamoxifen in 37 (33%). Severity was grade 1 in 97 of 104 patients (93%) patients, and the pattern was similar to androgenetic alopecia (Table) . The mean time to development of alopecia from ET initiation was 16.8 months (range, 1-91 months). Sixty-five patients (58%) reported alopecia within the first 12 months of ET ( Figure 1 ). Clinical features and alopecia scores were assessed using standardized clinical photographs in 104 patients (93%). The basic type of alopecia using the basic and specific classification system showed that in 79 patients (76%), there was a more prominent recession of the frontotemporal area than of the mid-anterior hairline (type M). Also, the specific type of alopecia seen in 86 patients (83%) was mild to moderate alopecia on the crown area of the scalp (type F). (Figure 2) .
Response to topical minoxidil was assessed using standardized clinical photographs in 46 of 112 patients (41%). Overall, 37 of 46 patients (80%) showed a moderate to significant improvement in alopecia.
A total of 59 patients (53%) had trichoscopy images available at baseline. The predominant trichoscopic feature was the presence of vellus hairs, with a mean (SD) density of 17.3 (8.6) hairs/cm 2 (13% of total hairs)and intermediate-and thickdensity terminal hair shafts, with a mean (SD) of 118.7 (39.6) hairs/cm 2 (87% of total hairs). The mean (SD) hair shaft diameter was 60.8 (11.6) μm.
Discussion
Endocrine therapy in breast cancer modulates endocrine receptor-mediated pathways. Selective estrogen receptor modulators include tamoxifen, raloxifene, and toremifene, 12 which are competitive inhibitors of estrogen binding to endocrine receptors. From this group, tamoxifen has been the historical standard of care for adjuvant ET and remains the gold standard for premenopausal patients at risk of recurrence. 13 By contrast, aromatase inhibitors, including anastrozole, letrozole, and exemestane, suppress plasma estrogen levels by inhibition of aromatase and are now considered the preferred option for adjuvant ET in postmenopausal patients. They all appear to be comparable in efficacy and have similar AE profiles that include hot flashes, mood disorders, osteopenia, and arthralgias. 14 Additionally, for premenopausal women with hormone receptor-positive breast cancer, leuprolide can be used to suppress estrogen production through ovarian function suppression in combination with other ET or chemotherapy, 15, 16 with similar AEs observed in patients receiving aromatase inhibitors and selective estrogen receptor modulators.
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Estrogens and androgens also play a critical role as hair growth modulators.
17 When endocrine receptor activation and pathway signaling are blocked, dihydrotestosterone levels increase, 18 and this action may contribute to the induction of alopecia in susceptible women receiving ET. Therefore, EIA may be physiologically similar to androgenetic alopecia. 19 In our study, 79 of 104 patients (76%) with basic-type alopecia presented with recession of frontal and parietal hairlines, mimicking an androgenetic pattern of alopecia that has anecdotally been described in 15 patients receiving aromatase inhibitors. 20 Additionally, at baseline, the predominant tricho- scopic features were the presence of vellus hairs (13% of total hairs) and intermediate-and thick-density terminal hairs (87% of total hairs). This is thought to be the result of unsynchronized miniaturization of hair follicles, also described as one of the trichoscopy hallmarks of androgenetic alopecia.
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In 37 patients (80%) treated with topical minoxidil 5%, there was a moderate or significant clinical improvement, as assessed by investigator and blinded reviewer. No AEs were observed with the use of minoxidil in the patient population described herein.
Currently, topical minoxidil 2% and 5%, is the only US Food and Drug Administration-cleared agent for the treatment of androgenetic alopecia in women. The mechanism of action of minoxidil on human hair follicles and hair growth is still not fully understood. Minoxidil has been reported to open adenosine triphosphate-sensitive potassium channels through regulatory sulfonylurea receptors, which induce vasodilatation and increased local blood flow. 22 In addition, minoxidil causes entry and prolongs the hair follicle cycle into the anagen phase 23 and suppresses androgen activity in the hair follicle. 24 These local mechanisms of action support the use of minoxidil as a safe therapy for alopecia in patients with hormone-sensitive tumors. Based on the previously described relative hyperandrogenism as a result of the ET, we hypothesized that patients with EIA may also benefit from therapies used for androgenetic alopecia in women, including spironolactone. No significant changes in serum levels of estradiol, testosterone, or progesterone have been reported with the use of spironolactone, 25-27 and a previous epidemiologic study showed that there is no evidence of increased risk of breast cancer with the use of spironolactone. 28 However, further randomized clinical trials using spironolactone for androgenetic alopecia are needed.
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Alopecia is often cited as one of the most negative effects on QoL in patients with cancer, 30 and it has been reported that 8% of patients with cancer would rescind life-saving therapy had they known they were going to have alopecia. 31 In 96 of 104 patients with standardized clinical photographs (92%) included in this study, alopecia was Common Terminology Criteria for Adverse Events grade 1 (hair loss of <50%, does not require camouflage). Despite this result, a high negative emotion score was obtained in the QoL questionnaire. This may suggest that even with alopecia grade 1, patients are greatly emotionally affected. Previous studies showed that the clinical severity or physician's assessment of alopecia was not necessarily associated with higher negative impact on QoL.
32,33
Therefore, it should be important for oncology health care professionals treating patients with breast cancer to consider the distress that grade 1 alopecia may have on patients' QoL. These events are likely to be compounded given the long duration of administration of ET in the adjuvant setting, ranging from 5 to 10 years. 3 
Limitations
Limitations of this study include the retrospective design, patient cohort origination from a single center, and the limited number of patients with objective follow-up (due to availability of standardized clinical photographs and appropriate trichoscopy follow-up). However, the main purpose of this study was to characterize the EIA in patients with breast cancer and response to dermatologic therapy, when follow-up data were available. Despite the limited cohort, to our knowledge, this is the largest number of patients with EIA described in the literature with clinical features, trichoscopy findings, and response to dermatologic therapy. Future studies should be aimed at conducting large-scale randomized clinical trials to better understand the efficacy of topical and systemic therapies used for androgenetic alopecia in patients with EIA. We also believe that a long-term follow-up, at least 6 months after ET is interrupted, may be needed to determine whether this EIA is reversible or permanent after the therapy. The Hairdex Questionnaire used in the study was an in-house translation adapted from the original German Hairdex. 10 Additional work needs to be completed to further assess the validity of this instrument in English-speaking patients. The dotted line represents the point at which 50% of the sample indicated the initiation of hair loss. 
Conclusions
Our cohort study supports the fact that patients with breast cancer receiving ET may develop pattern alopecia similar to androgenetic type, with a significant negative impact on their QoL. Despite these observations, these patients may benefit from topical minoxidil, suggesting that supportive care for EIA is also an important component in the care of patients with breast cancer and survivors. One of Dr Hindson's most notable contributions to dermatology was the discovery of ascorbic acid as a treatment for prickly heat, or miliaria rubra. 2 In 1968, he interviewed an air force officer about his year-long episodes of acute intertriginous dermatitis localized to the groin. When the officer mentioned that his dermatitis disappeared after he unintentionally consumed 1000 mg of ascorbic acid for 1 week, Dr Hindson hypothesized that this accidental therapy could be curative. He then treated the officer with 1g of ascorbic acid daily, and the officer reported that his groin was normal after 10 days. 3 While working in the British Military Hospital in Singapore later that year, Dr Hindson sought to scientifically validate his hypothesis by conducting a randomized clinical trial. Thirty children of both sexes, ages 4 months to 8 years, who experienced repeated attacks of prickly heat, were prescribed 15 mg/kg of ascorbic acid or placebo for 2 weeks. 3 The lesions completely disappeared from 14 of 15 children who were given ascorbic acid with no additional lesions or adverse effects observed at 1-to 2-month follow-up visits. 2 Dr Hindson concluded that high-dose ascorbic acid was effective in treating and preventing prickly heat. Upon retiring from the Armed Services in 1977, he worked as a consultant dermatologist for the National Health Service at the Royal Infirmary in Sunderland, Northeast England, but retired in 1992 owing to deteriorating health. 1 Dr Hindson had many talents outside of medicine. He was considered to be a fine pianist and an avid amateur model train engineer. In fact, his home and backyard were frequently covered with model train tracks. Always striving to be personable, he was known to entertain friends and family with wonderful impressions. 
